The alcohol withdrawal syndrome increases autonomic activation and stress in patients during detoxification, leading to alterations in motor activity and sleep irregularities. Intranasal oxytocin has been proposed as a possible treatment of acute alcohol withdrawal. The aim of the present study was to explore whether actigraphy could be used as a tool to register symptoms during alcohol detoxification, whether oxytocin affected actigraphy variables related to motor activity and sleep compared to placebo during detoxification, and whether actigraphy-recorded motor function during detoxification was different from that in healthy controls.
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Introduction
Increased anxiety, changes in motor activity and sleep disturbances are some of the clinical features of alcohol withdrawal syndrome (AWS), reflecting a hyper-excitatory state in the sympathetic part of the central nervous system that develops within the first 24 hours after drinking cessation [1, 2] . During detoxification from alcohol, rest and treatment with benzodiazepines are recommended to reduce symptoms of AWS [3, 4] .
Exogenously administered oxytocin has been investigated related to its calming and anxiolytic effects in both healthy volunteers and in patients with depression and anxiety disorders [5] [6] [7] [8] [9] [10] . In addition to increase parasympathetic activity, oxytocin has also been shown to be favorable on improving total sleep time and self-reported sleep satisfaction [11] Neither serious adverse events nor dependency to oxytocin have been reported in clinical trials, and it is generally considered to be a safe drug with few adverse effects [12] .
A growing number of trials are exploring intranasal oxytocin as a potential drug in the treatment of alcohol use disorder and substance abuse, yet so far with mixed results [13] [14] [15] [16] [17] . One pilot trial suggested that the anxiolytic effects of intranasal oxytocin may be favorable in reducing alcohol withdrawal symptoms [18] . However, in a larger study from our group no differences between the oxytocin and placebo group were found [19] . The complexity of the effects of oxytocin has not yet been fully understood, and difficulties in measuring these effects [20, 21] as well as the complexity of assessing alcohol withdrawal, might explain the discrepancy between the two studies.
Actigraphy is a non-invasive, recognized tool for measuring motor activity, rest and sleep [22, 23] , and the use of actigraphy can provide a better understanding of the motor activity and sleep patterns in AWS [24] . To our knowledge, no previous studies have used actigraphy to assess changes in motor activity and sleep in this setting. We therefore aimed to explore whether actigraphy could be used as a tool to register clinical symptoms of AWS during a 3-day period alcohol detoxification. We also wanted to explore whether intranasal oxytocin given during detoxification would affect actigraphy-recorded motor activity and sleep and to compare actigraphy registrations in patients with AWS with those from a control group of healthy subjects.
Materials and methods
This study consists of two parts: In part 1, we compared, within the frames of a double-blind randomized controlled trial published previously [19] , the effect of intranasal oxytocin and placebo on actigraphy-registered motor activity and sleep, during a 3-day course of alcohol detoxification. In part 2, we compared the actigraphy-registered motor activity and sleep in the total sample of 40 patients included in the randomized controlled trial to a control group of 34 healthy individuals.
The randomized controlled trial was approved by the Regional Committee for Medical and Health Research Ethics in Mid Norway (2016/45) and the Norwegian Medicines Agency (SLV) (2015-004463-37) and is registered in clinicaltrials.gov (identifier NCT02903251). It was also approved by the User Council at the addiction treatment center. The use of healthy volunteers was approved by the Regional Committee for Medical and Health Research Ethics in Western Norway in a separate application (2011/1668). All patients and controls gave their informed written consent prior to inclusion in the study.
Subjects
In total, 40 patients were included between October 10 th 2016 and November 17 th 2017, as they were admitted to Lade Addiction Treatment Center, Trondheim, Norway to undergo alcohol detoxification. Inclusion criteria were 18-65 years of age, living in the county of Trøndelag, Norway. Moreover, the patient should have had either a prior episode of alcohol withdrawal symptoms causing significant incapacitation (e.g., inability to work or perform normal activities) or at least one prior medical detoxification with withdrawal symptoms of a magnitude requiring sedative-hypnotic or anticonvulsant medication. The average alcohol consumption should be in the range of 8-30 standard drinks per day for at least two weeks prior to enrolment in the study. The exclusion criteria were: daily treatment with sedative-hypnotic medications such as benzodiazepines or benzodiazepine-like hypnotics; dependence on substances other than alcohol, nicotine or caffeine; inadequately treated, unstable and/or compromising somatic or psychiatric conditions; a body mass index < 17 kg/m 2 or a history of anorexia nervosa or bulimia in the past two years; pregnancy; parturition or breast-feeding in the past six months; and the inability to read or understand Norwegian sufficiently well to complete the study questionnaires. In addition, patients were excluded if the alcohol breath test at admission was negative, and the time interval since the last alcohol intake was more than 15 hours. Twenty patients were randomized to the oxytocin group and 20 to the placebo group. All patients fulfilled the ICD-10 diagnosis of alcohol use disorder, dependence (F10.2) ( Fig 1) .
The healthy controls primarily consisted of employees at the Department of Psychiatry, Fonna Regional Health Authority and Stavanger University Hospital, Norway. None of the controls were diagnosed with an affective or anxiety disorders, dependency to any drugs, nor were any of them prescribed psychotropic drugs. Data were collected between March 13 th 2012 and June 6 th 2013. Baseline characteristics of the patients and healthy controls are presented in Table 1 .
Procedures
Immediately after admission, patients were evaluated with the Clinical Institute of Withdrawal Assessment-Alcohol revised (CIWA-Ar) evaluation scale [25] . Withdrawal treatment with the benzodiazepine oxazepam was initiated according to the CIWA-Ar score before further studyspecific procedures were performed. After giving their informed consent, patients were randomized to receive either 24 IU oxytocin or placebo double-blinded intranasally twice daily, and study nurses administered the first dose of nasal spray and applied the actigraph on the non-dominant wrist. The patients then followed the standard procedure for admission, including physical examination and repeated CIWA-Ar scorings according to the protocol. The CIWA-Ar is an assessment tool for alcohol withdrawal, and contains ten items, of which nine are scored from 1 to 7 and the last item from 1 to 4. High numbers are reflecting more severe withdrawal symptoms and a maximum score of 67 is possible. Treatment with benzodiazepines was commenced when the scores were 10 and above. Recorded actigraphy variables were related to total CIWA-Ar score as well as the three specific items anxiety, agitation and tremor. Patients were given a diary to register the number of hours asleep and the number of awakenings each of the two nights during the detoxification period. For all sleep measures, the objective assessment provided by the Actiware software was compared to patients' selfreported sleep, the registration of white light of the actigraph, and registered sleep in the patients' records when this information was available.
A Philips Respironics Actiwatch 2.0 was used in both the patient group and the healthy control group. Subjects were instructed in not remove it during the study period. In the patient group, data were sampled at 15-second intervals throughout the three study days. Data were retrieved and analyzed during a full 24-h period at day two as well as in morning and evening sequences throughout the study period. The 24-hour period lasted from 00:00 to 24:00. A morning sequence was defined as the time interval 09:00 to 14:00 and the evening sequence as 18:00 to 23:00. These intervals were chosen to correspond to the times for the administration of nasal spray and the expected duration of effect of oxytocin [26] . The healthy subjects wore the actigraph on the chosen wrist for a period of seven days. The time sequences used in the control group were the same as in the patient group.
Data processing and statistics
The power calculation for the study sample was performed for the previously published study of effects of intranasal oxytocin on benzodiazepine consumption during alcohol withdrawal [19] , where the main outcome was detection of a difference in oxazepam consumption between groups. A 10 mg difference in oxazepam was considered to be of clinical interest. Given an expected standard deviation of approximately 10 mg, power = 0.80 and alpha = 0.05, 16 subjects in each group was needed. Based upon an assumed drop-out rate of 20%, a total of 40 patients were included. The same patient sample was included in this study.
All data collected by the actigraph were analyzed using the following variables:
• The mean activity count per minute (mean/min), as a measure of overall activity level.
• The standard deviation for each time series in percent (SD/min in % of mean), as an intraindividual measure of fluctuations in activity.
• The root mean squared successive difference, describing the difference in successive counts from minute to minute (RMSSD/min in % of mean), as a measure of intra-individual variability in the time series.
• The RMSSD/SD ratio.
Motor activity was also analyzed based on the mean duration of the active and inactive periods (min), and also on the duration of the longest active period (min), the longest inactive period (min) and the ratio of mean duration of active/inactive periods.
Sleep was measured as self-reported sleep, sleep duration (all actigraphy registered sleep in evening and night), sleep efficiency (SE) (ratio between total sleep time and total duration of time in bed), and total sleep time (duration of sleep during the major sleep period in evening and night).
In part 1, Student's t-tests for independent samples were used to compare total activity and sleep between the two treatment groups. Motor activity was analyzed from the following predefined five-hour sequences twice daily during the three days of detoxification: The first five hours after admittance and inclusion, evening day 1, morning day, evening day 2, and morning day 3. For each sequence we analyzed the whole 300-minute period, and in addition the last 60-minute period with continuous motor activity in each sequence of the two treatment groups, and also the whole patient group. The criteria for a 60-minute period of continuously motor activity followed those by Krane-Gartiser et al. [27] , selecting the last 60-minute period not containing more than two consecutive minutes of zero activity counts from each participant. If that was not found, we selected 60-minute periods with between three and four consecutive minutes of zero activity. Paired samples t-tests were used to compare all consecutive morning and evening sequences to evaluate changes of total activity and in the last active 60 minutes in each period in the 40 patients.
In part 1, we also compared total activity and sleep during a 24-hour period at day 2 [28] . In addition to the measures listed above, each recorded interval (one minute) was defined as either active or inactive, according to whether the activity count was above or below 10% of the mean for the whole recording period for that participant. An active or inactive period was defined as a continuous sequence of such active or inactive intervals. Group differences of the mean duration of active periods (the longest active periods, the inactive periods, and the longest inactive periods) were compared with independent samples t-tests. Sleep variables used included sleep duration, sleep efficiency, and total sleep time [29, 30] . Difference in total duration of sleep in the first and the second night was compared with paired samples t-tests in the two treatment groups, as well as the mean sleep efficiency of both nights in the whole patient group. Over-or underestimation of sleep duration during the first two nights, defined as a deviation of > 10% from actigraphy recordings, was compared between the treatment groups. Pearson's test of correlations was used to evaluate the relationship between self-reported sleep, actigraphy-measured sleep, CIWA-Ar scores, and total oxazepam dose administered to the 40 patients in the 24-hour period, the first night and the second night.
In part 2, Student's t-tests for independent samples were used to compare the results from the patients recorded at day 2 with the healthy controls for total motor activity of the full 24-hour period, a five-hour morning sequence, and a five-hour evening sequence.
Statistical tests were performed with IBM SPSS Statistics for Windows, Version 25.0.
[31] and the significance level was set to 0.05.
Results
Of the 40 patients included, two patients in the placebo group had incomplete actigraphy recordings for some of the periods. One patient in each treatment group withdrew from the study, and did not complete day 3 (Fig 1) . For the sleep analyses, 38 patients had complete actigraphy recordings, 20 in the oxytocin group and 18 in the placebo group. A total of 30 patients completed their sleep diary during the first and second nights and were included in the correlation analyses on self-reported and actigraphy measured sleep, withdrawal symptoms and craving. A typical actigram is shown in Fig 2. 
Part 1
There were no significant differences in daily starting times for actigraphy registration between the oxytocin group and the placebo group (13:51 and 13:13, respectively). The mean daily number of standard alcohol units consumed in the 14 days prior to detoxification was 17.0 ± 8.0 in the oxytocin group and 15.0 ± 6.4 in the placebo group (p = 0.399).
Consecutive comparisons of morning versus evening activities of the five sequences in the complete patient group are shown in Fig 3. Mean total and active period activities were generally significantly lower in the evening sequences than in the morning sequences. The opposite trend was found for SD and RMSSD. Comparison of the total motor activity during a 24-hour sequence showed no significant differences between the treatment groups ( Table 2 ). Sleep did not differ significantly between the two treatment groups in any of the outcome variables in the first, nor in the second night (Table 3) . Overall, patients in both groups had a mean sleep efficiency of 79.1% (SD 13.9, range 38.1-97.9%) the first night, while the second night the mean sleep efficiency was 73.0% (SD 20.9, range 11.8-93.4%).
In general, there were no statistically significant correlations between clinical variables related to alcohol intake, withdrawal symptomatology, and actigraphy variables recorded in the 24-hour period on day 2 after admittance in the whole patient group (Table 4 ). The only exception was a significant correlation between the self-reported alcohol intake and RMSSD/ SD (r = 0.340; p = 0.032). Similar results were found when analyzing the oxytocin and the placebo groups separately (Panel A and B in S1 Table) . The second night, irrespective of treatment with oxytocin or placebo, correlations between clinical variables related to alcohol intake and withdrawal and actigraphy-recorded sleep variables are presented in Table 5 . There were significant correlations between self-reported sleep and actigraphy-recorded total sleep duration (r = 0.44; p = 0.017), sleep efficiency (r = 0.44; p = 0.017), and total sleep time (r = 0.44; p = 0.016), but no such clear-cut correlations were found within each treatment group (Panel A and B in S2 Table) .
In total, 10 of the 29 patients from whom data were available estimated their sleep duration within ± 10% of the actigraphy-recorded sleep duration the first night, and 5 of 28 did the same the second night. The numbers of subjects overestimating and underestimating their sleep duration, as well as results from the placebo group and the oxytocin group shown separately, are presented in S3 Table. There was no obvious difference between the treatment groups in the number of subjects overestimating or underestimating their sleep duration, although the placebo group had a tendency of underestimating their sleep more than the oxytocin group did.
Part 2
Motor activity of patients compared to healthy controls is summarized in Table 6. In the 24-hour period of day 2, the patient group showed significantly lower mean (±SD) activity (132 ± 57 vs. 198 ± 75 per minute; p < 0.001). This was also found in the evening sequence (174 ± 99 vs. 254 ±133 per minute; p = 0.005), but the difference did not reach statistical significance in the morning sequence (206 ± 91 vs. 267 ±180 per minute; p = 0.083). The mean duration of active periods was significantly shorter in the patient group than the control group during the 24-hour period (6.0 ± 2.5 vs. 9.2 ± 3.5 min; p < 0.001). Moreover, motor activity in the periods with continuous activity was significantly lower in the patients than in the controls in the evening (169 ± 96 vs. 249 ±169 per minute; p = 0.020), but not in the morning (227 ± 101 vs. 263 ±197 per minute; p = 0.339). The patients also had increased total SD, RMSSD and RMSSD/SD (Table 6 ).
Discussion
The principal finding in the present study is that there was no significant difference in actigraphy-recorded motor activity or sleep between the oxytocin and placebo groups for any of the variables in any of the sequences investigated. Moreover, there were no overall correlations between clinical variables related to alcohol intake or alcohol withdrawal and actigraphyrecorded motor activity and sleep. In contrast, patients had significantly lower motor activity than the healthy controls, particularly in the evening. We originally had the idea that actigraphy could contribute to a better understanding of motor activity and sleep patterns during alcohol detoxification, and enable a more personalized intervention in acute alcohol withdrawal. However, there were no correlations between the total CIWA-Ar score or the degree of tremor, agitation and anxiety as measured by CIWA-Ar, and actigraphy-recorded motor activity. Investigating variables such as heart rate or skin conductance, which would have been of interest as they represent some of the most prominent clinical findings in acute alcohol withdrawal syndrome, would require another type of equipment. Thus, actigraphy, as least as used in the present study, seems to be a less appropriate method in the monitoring of acute alcohol withdrawal, although it might still be useful in the understanding of sleep disturbances during alcohol withdrawal.
Compared to healthy controls, the patients had a significantly lower motor activity, a finding that was prominent in the evening, but not in the morning. This could be a result of the patients' restrictions to leave the treatment facility in the evening. It is also possible that the alcohol withdrawal syndrome might have incapacitated them from being as active as they Table 2 otherwise might have been. Finally, the treatment with oxazepam could also have reduced their level of activity [27] . Longitudinal studies are required to elucidate these issues further.
. Comparisons between the oxytocin group (n = 20) and the placebo group (n = 20) for actigraphy-recorded motor activity and active and inactive periods during a 24-hour period and in a morning and an evening sequence in patients with alcohol use disorder undergoing detoxification from alcohol.

Actigraphy variable Oxytocin group (n = 20) Placebo group (n = 20) P value 1 Difference (95% CI)
Even though there was no difference between the oxytocin and placebo groups in activity in the morning and evening sequences, our findings are similar to the results in a study in affective disorders, where no differences in median activity in a 24-hour period were found between acutely admitted patients groups with unipolar depression, bipolar depression, mania or mixed states [28] . Patients undergoing acute alcohol withdrawal have a central nervous Table 3 
. Comparison of actigraphy-recorded sleep patterns between the oxytocin group (n = 20) and the placebo group (n = 18) in patients with alcohol use disorder undergoing a 3-day course of detoxification.
Oxytocin group (n = 20) Placebo group (n = 18) P value 3 Difference (95% CI)
First CIWA-Ar = Clinical Institute of Withdrawal Assessment-Alcohol revised; SD = standard deviation. Statistically significant correlations are shown in bold. 1 One standard alcohol unit corresponds to 12.8 g ethanol.
sympathetic hyper-excitation due to an alcohol-induced upregulation of glutamate receptors and the sudden loss of alcoholic GABA receptor stimulation [2] . This activation is also seen in patients with bipolar disorder in manic phase, and has been suggested to be a result of dysfunctional activation of the hypothalamic-pituitary-adrenal (HPA) axis and elevated noradrenalin and dopamine levels [32] ; neurotransmitters also relevant in alcohol withdrawal. The overall increased variability seen in our study is in agreement with previous studies in bipolar disorder [27] , depression [33] and attention deficit hyperactivity disorder (ADHD) [34] . Our findings do, however, contrast some of the results in another study where patients with bipolar disorder in manic phase had a significantly lower mean actigraphy-recorded activity than the healthy controls in the morning, and the only significant difference in the evening was a higher mean in successive counts from minute to minute (RMSSD/SD). Yet, this was not found in patients with depression [27] . Actigraphy is considered a practical and reliable method for monitoring sleep [22] , and its validity has been confirmed when related to data from polysomnography [35, 36] . Yet, later studies have questioned whether it can be used to evaluate sleep disorders and circadian rhythm sleep-wake disorders [37] as well as its role for use in patients with insomnia and daytime symptoms [38] .
Patients entering detoxification generally report sleep disturbances. In one study, all patients showed poor sleep efficiency (range of sleep efficiency 76-91%), as measured by actigraphy during acute withdrawal [24] , a value previously measured to 94% in non-dependent participants [39] . The cut-off value for sleep efficiency has been recommended to be set to 92% [39] . In our study, poor sleep efficiency was also seen, with mean values of 72-81% in both treatment groups during the first and second nights (Table 3) , despite symptomatic withdrawal treatment with oxazepam. Patients in both groups had a lower mean sleep efficiency the second night compared to the first night. This could be related to increasing symptoms of alcohol withdrawal the first two days of detoxification.
Somewhat surprisingly, the self-reported number of hours of sleep and actigraphy recorded sleep in both treatment groups correlated well. As many as 1/3 of the total patient group estimated their sleep duration within ± 10% of the actigraphy-recorded sleep duration the first night. This decreased to 1/5 the second night. Hence, actigraphy could be of importance for the accuracy of clinical sleep data in these patients in a longer period. We did not perform any further analyses on subgroups, e.g. based on PEth concentrations or self-reported alcohol intake, since the group sizes then would be too small. This study has some limitations, but also some strengths. One of the strengths is that all 40 patients completed the 24-hour actigraphy recording, and as many as 38 of the 40 completed the full 3-day recording. Moreover, we have used the same methods and analyses as previous actigraphy studies on motor activity in psychiatric disorders, making the data directly comparable [27, 28] .
No specific power calculation was performed for this study. The primary power calculation for the size of the clinical sample included in this study was based on the principal outcome in the main study published previously [19] , to reveal a clinically relevant difference in oxazepam dose required between the oxytocin group and the placebo group during a three-day period of alcohol detoxification. In contrast, the present study had a pure exploratory aim, to evaluate whether actigraphy could be used as a tool to register symptoms of alcohol withdrawal syndrome during detoxification. Therefore, we consider it not relevant to perform a secondary power analysis for this study. Although it would have been possible to perform a separate power analysis for the comparison with the healthy volunteers, no previous information was available to determine the input data needed for a reliable analysis. Among the limitations are that the five-hour sequences chosen to detect any changes in activity following the oxytocin nasal spray administration [12] might have caused some interesting activity and sleep data outside these periods to be lost. However, we consider this limitation to be accounted for by analyzing a full 24-hour period day two. We did not examine associations with caffeine use during detoxification, as these data were not available. Caffeine affects sleep in general [40, 41] , although conflicting evidence exists on its influence on sleep during alcohol detoxification [24] .
We did not investigate self-reported sleep or state of mood in the period prior to detoxification; therefore, we could not evaluate whether there was a sudden change in sleep or mood pattern. A previous trial on alcohol withdrawal and sleep in institutional detoxification [24] showed that poor sleep quality and insomnia were common in these patients, also prior to admission. The authors of that article discussed whether these symptoms were caused by a high alcohol intake or previous anxiety and/or depression, or if the mood alterations could be caused by insomnia [24] .
Finally, it may be a weakness in the present study that we do not have any information on whether the dominant versus non-dominant wrist was chosen for actigraphy in the healthy controls. However, as discussed in previous trials [42] , this factor should not be of importance for the principal results.
Conclusion
Intranasal oxytocin did not affect actigraphy-recorded motor activity or actigraphy-derived sleep parameters in patients with acute alcohol withdrawal. Actigraphy does not seem to add information that can be used to evaluate the degree of withdrawal symptoms in the acute phase of alcohol detoxification, but further research is warranted to investigate whether in can provide useful information e.g. about sleep disturbances in the acute and protracted withdrawal period. During alcohol detoxification, patients have a motor activity pattern clearly different from that in healthy controls.
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